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Introduction and Motivation
Over the years the U.S. engineering schools are facing lower students' enrollment and graduation rate with the exception of top academic institutions [1] [2] [3] [4] [5] [6] . This is not only because of the level of complexity associated with science and engineering but also the ineffective medium of instructions which lead to students' lack of willingness to learn abstract engineering concepts. Traditional lecture-based education is still the most dominant teaching method for engineering classes [7] . The traditional lecture is not an effective motivator for students, does not encourage active and engaging earning, and eventually leaves behind engineering graduates ill-prepared for the professional career [8] . An instructional media that is more effective and engaging must need for students' learning complex engineering concepts. It has been proven that learning through a medium that combines course materials with interactive visualization can be powerful tool for engineering education.
It has been found through NSF funded projects that students learn the best when (i) presented with organized information that relates in some way to their own experiences, and (ii) they are given the opportunity to test themselves on their own understanding and to work to develop their understanding with other students [9] . High school or undergraduate students in the 21 st century grow up in an era where interactive role playing, and goal centered scenario (SimCity) video and computer games became one of the major components of the entertainment industry. Survey results show that 60% (40% of which is female) of the U.S. population plays video games [10] . It has been reported that the game approach in education has potential to capture student interest and improve learning and teaching methods [11] [12] [13] [14] [15] [16] . Sanderson and Millard [11] applied a teamPage 22.939.2 based game strategy in manufacturing education, where students/user assumed the roles of product designer, manufacturing engineer, marketing expert, and product manager. Hsieh [11] investigated a web-based 2D game environment for teaching line balancing concept. It was reported that the game concept has enhanced student interest in learning the materials. In this paper we report on the interactive scenario based education and its impact on students' learning manufacturing engineering at the University of Oklahoma. The details of the module development and implementation are discussed below.
Create your Scenario Interactively (CSI)
Create your Scenario Interactively (CSI) is an interactive storybook-like learning tool which is composed of interactive storyline, 2D/3D visualization, simulation, and state-of-the-art interaction technology. CSI is a novel concept expected to (i) stimulate active learning, (ii) provide an engaging learning, (iii) prepare students to solve open-ended problems, and (iv) serve as a natural link to subsequent courses in the STEM disciplines. The CSI module has been developed based on the theory of Experiential Learning proposed by Kolb [17] . According to Kolb, learning is the process of creating knowledge and takes place in four stages in cognitive domain ( Figure 1 ). The learner must be willing and be actively involved in the experience (Concrete Experience); the learner must be able to reflect on the experience (Reflective Observation); the learner must possess and use analytical skills to conceptualize the experience (Abstract Conceptualization); and the learner must possess decision making and problem solving skills in order to use the new ideas gained from the experience (Active Experimentation).
Engineering students' learning styles can be classified into four groups as sensory/intitutive, visual/verbal, active/reflection, and sequential/global. Many or most engineering students are visual, sensing, and active whereas conventional engineering education is auditory, abstract (intuitive), and passive [18] . Since the interactive scenario concept fits very well with the learning style of majority of the engineering students, the CSI has potential to (i) provide an engaging learning experience for students by allowing to explore, interact and develop a design (ii) allow interaction with scenarios and provide immediate and constant feedback to student's actions, which has proven to make learning more effective [19] ; (iii) expose students to the type of challenges they will face in industry. This active problem solving experience in meaningful real-world contexts can greatly enhance student's learning [20] and well prepared engineering students' in professional career.
Highlighted in this model are two complementary dimensions: grasping information and then transforming that information. From an epistemological perspective, experiential learning aligns with constructivism, which posits that learners construct meaning from their experiences. However, the theory behind the practice of experiential learning has had limited attention in engineering education literature. A thorough understanding of experiential learning, as it operates within engineering tasks and in supporting engineering knowledge, is needed to properly utilize the experiential learning mechanism in the engineering courses.
Significance of the CSI
CSI is different from the conventional blackboard, power point based lectures, and e-learning method [21] . The CSI module uses the experiential learning framework to provide meaningful learning to engineering students. Compared with e-learning software, CSI will allow students to easily explore all the options, boundaries, and solution space for a given open-ended problem. CSI will offer interaction in the form of exploring options, and how different options can lead to different solutions for the same problem. It will provide students with instant responses and effects based on problem requirements and student choices. The CSI uses characteristics of role playing and scenario-based games and several commercial software (e.g., Pro-Manufacturing, etc.) and combine them to illustrate manufacturing processes and engineering design. Reasoning behind the answers are solicited from students and weighted by instructors in grading. This is to overcome one of the common pitfalls of game-based learning that students concentrate too much on completing design and become distracted from learning. Thus, students can explore alternate design decisions and results from other groups to gain a better understanding of the material using web-based CSI.
CSI System Description
The following sections present an overview of the CSI system. The description presented here addresses two basic issues: the housing, and software. The housing of the CSI environment is an important consideration that will affect the interests from students. In the proof-of-concept stage, CSI will be implemented in a regular classroom with different student groups using laptops with wireless Internet (only one laptop per group), and the instructor using a laptop to monitor student responses and a projector (most universities have this capability) to share development of stories/scenarios from different groups. Students will use their own laptop in class (most engineering students have their own laptop). The commercial software to be used includes Pro-E, Pro-Machining, Pro-mold, Flash, multi-user communication server, web-based technologies, and in house software. Page 22.939.4
CSI Course Module Development
The project will create an interactive scenario development environment for the casting process, based on role-playing characteristics of scenario-based games. The interactive scenario is supplemented with 2D/3D visualization, simulation, and fundamental information. CSI course modules contain (i) course materials with visualization, (ii) interactions among students, instructors, and (iii) CSI system.
In a class, instructor presents the scenario to attract students' attention. The scenario addresses a real-world problem, but simple to understand and relate in some ways to their own experience (Concrete Experience). A 3D solid model of the scenario is presented for better perception and the overall objective of the project. The instructor analyzes the problem and provides theoretical background information (Abstract Conceptualization). Now students address the relevant issues systematically in the CSI environment in a group or individual setting and provide justification for their design and manufacturing decisions (Active Experimentation). Effects of each decision at each step are enhanced by simulations and visualization tools. The CSI system implements an adaptive progression system that allows students to progress forward if correct reasoning for each sub-question. These reasoning show whether students have fully understood the theoretical contents (Reflective Observation). Students can repeat the scenario up to a limited number of times for each step. Web-based point scoring system helps the students and instructors to be aware of difficulties associated with specific concepts. A set of learning questions are available for students for review any time. An example to illustrate the CSI module in a Mechanical Engineering course is shown in Figure 2 . 
CSI Module for Metal Casting -Proof of Concept
The CSI module on metal casting has two components: (1) information module and (2) scenario module. The selection of scenario and organization of information is very important for success of the CSI environment to utilize the experiential learning model and enhance the learning experience of our students.
Abstract Conceptualization
Fundamental understanding on metal casting requires mastery of the four major concepts (Table  1) : (1) flow and heat transfer characteristics of liquid metals in the mold, (2) mechanics of solidification in metals and alloys, (3) defects in casting, and (4) mold deign, material, and method. The CSI theoretical module has inbuilt with each concept of metal casting as submodule with appropriate graphics and animations. Each sub-module contains related theoretical and fundamental information. Since the module is web-based the students can access any time during the interactive session. Snapshots of CSI information module are shown in Figure 3 . 
Concrete Experience
We have chosen "Brake Pedal" of the Sooner Race Car of OU as a metal casting scenario for the instructor. We want to give them an authentic experience which they share. Our students are very proud of the Sooner Race Car and the brake pedal, in general is very familiar to them. It is believed that our students get excited and motivated to learning as they can feel the experience. We introduce the scenario with clear goals and design constraints addressing effect of materials, geometric tolerances, component shape, tools, and cost on the performance of the race car. For example, light weight, cheaper, and stronger materials are preferred to make the race car lighter and faster. Casting process is suitable for producing near-net shape, complex parts at low cost, however poor mold design can lead to defects which can make the part weaker. Moreover, defects may require additional operation such as machining which can reduce the production rate and cost of the parts. Additional insights of metal casting are provided by demonstrating 3D simulation during mold filling and solidification. Using these simulations instructor can demonstrate basic understanding of mold design and the importance of risers and gating systems on the quality of the cast parts. Figure 5 shows screen shots emphasizing the functionality of the riser on shrinkage defects, hotspot, mold filling, and temperature distribution during casting process. Figures 5(a-e) demonstrate the temperature distribution, possible locations of shrinkage defects, and hotspot locations due to not having sufficient compensation for the liquid shrinkage of the metal during solidification. Students can visualize the importance of riser in metal casting to avoid such defects in parts which is very typical in any metal casting process. However, optimum placement of the riser can avoid such metal casting defects as visualized through additional simulations shown in Figures 5d-f. Figures 5d shows the feeding requirements to form the defect free part due to thickness variations. This simulation helps to identify the position and number of risers needed to avoid such casting defects. Due to the non-uniform part geometry the riser must be located near the big hotspot. 
Active Experimentation
A set of design requirements for the scenario has been given and the instructor demonstrates an example problem to show various synthesis steps to solve the problem ( Figure 6 ). During the process interactive simulations and animations have been presented to teach the concept ties with the theory associated with each synthesis step. Students can also access the information module any time during this step. For example, selecting a material for casting process requires understanding of solid solution and solidification of binary metals (in case of alloys). Thus, in the CSI module the students will be asked to select the "solidification module" where the concepts will be presented systematically to cover the related topics. A general introduction of alloying and heat treatment concepts will be introduced to further understanding and controlling of microstructure during solidification. Along this line a structure-material property relationship will be discussed emphasizing effect of cooling. To demonstrate their learning on solidification concept the students will be asked to specify casting material for the instructor's scenario based on solidification to meet specified requirements. A "time-scoring" system will guide the students to reach the level of confidence on the concept. Thus the effects of different design decisions related to materials will be covered within the umbrella of the CSI module. Once the material for the casting has been properly specified, students will be asked to choose "fluid module" where effects of various casting parameters such as fluidity of the metal, viscosity, temperature, etc. will be discussed. Appropriate theoretical background such as Bernoulli's equation, mass continuity, Reynolds number will be presented systematically. Students will be asked to specify parameters for different components of the mold for the scenario based on the theoretical concept and the level of confidence will be scored. Solidification of metals inside the mold will be introduced with respect to mold and sprue design, design of risers and inserts, and will be tied with other parameters such as shrinkage and porosity on the part. Similarly a good amount of time will be spent on design of mold and mold materials and the concept of economic design satisfying the functional requirements of the part. Step 1
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Step Different design solutions proposed by different students will be discussed in the class and the reasoning will be given, to better understand the correct approach for specifying material, mold and other casting parameters.
Reflective Observation
Snapshots of the instructor's scenario for the brake pedal of the Sooner Race Car are shown in Figure 7 . Webbased tools have been used to develop different components of the CSI environment. Flash and .NET have been used to develop the user interface for the web-based scenario. Students have been asked to solve a similar but different problem on their own. Students' responses for different steps of the scenario have been collected and discussed in class to collectively understand different aspects of metal casting.
IMPEMENTATION ASSESSMENT OF THE CSI
As a proof-of-concept the CSI module has been developed for metal casting and has been implemented in the AME2303 -Design, Materials, and Manufacturing course at the University of Oklahoma. This is the first course in Mechanical and Industrial Engineering program which provides an introduction to engineering materials, manufacturing processes, and design. This is a required course and the students take this course during their sophomore year.
Participants
Fifty-seven sophomore engineering students (52 Mechanical Engineering and 5 Industrial Engineering) have participated in this study. All participants were enrolled in the Mechanical Engineering or Industrial Engineering program at the University of Oklahoma and were requires to take this course during their sophomore level. Among the participants, three students were female and forty four students were male. Students were divided into fourteen groups and approximately four students in each group. Students from Mechanical and Industrial Engineering Figure 7 : Snapshots of instructor module for brake pedal were grouped together and both male and female students were also mixed to form the group to represent diverse population.
Materials

1) Information Module and CSI Scenarios:
Web-based information has been developed containing theories pertaining to metal casting and mold design. The CSI scenario module for instructor has been developed for Brake Pedal of the Sooner Race Car at the University of Oklahoma. In addition to instructor's scenario, two additional scenarios have been \developed for the students. One of them was on the Brake Pedal of the Chevrolet Corvette sports car and the other was a Rotor Disc for traction motor in a diesel locomotive. Students use their own laptop and solve the scenarios as a group in remote setting.
2) Knowledge test:
A pre-post test format was used to assess students' understanding metal casting process and design of mold. Test questionnaires were devised to address different levels of cognitive domain in Bloom's taxonomy such as (i) remembering, (ii) understanding, (iii) applying, and (iv) analyzing (Figure 8 ).
Both the pre-test and post-test were performed using the same questions. The pre-test was administered after presentation of the information module whereas the post-test was given after completion of the scenarios. Among nine questions in the test, three (Q1, Q6, and Q7) address "Remembering", three (Q2, Q3, and Q8) address "Understanding", two (Q4 and Q5) address "Applying, and one (Q9) addresses "Analyzing".
3) Survey: Participants also completed a 18-item survey that was adopted from the Sophomore Engineering Learning and Curriculum Evaluation Instrument© [22] . The survey was used to asses student attitudes towards the usability of the CSI module, engaging learning, All questions were scaled in between 1 (strongly disagree) to 5 (strongly agree) scale. The response data for each item were averaged.
RESULTS
The average scores of the class performance for each question from both pre-test and post-test are shown in Table 2 . The average pre-test score on "Remembering" is 2.47 out of 5.0) whereas the average score for the post-test is 3.42 which is about 40% improvement. The average pre-test score on "Understanding" is 2.41/5.0 whereas the score on post-test is 3.0/5 which is about 25% Figure 9 as a bar chart. The outcomes of the survey showing students' attitudes towards engineering after taking the CSI course modules are shown in Table 3 . It can be seen that the average score falls is in between 3.0-4.0, except for few items. The below 3.0 items are: (1) CSI took more time than it was worth, (2) I was frustrated by ambiguity that followed when using CSI, and (3) I found the use of CSI format challenging. Currently we are in the process of addressing/modifying the CSI content and the programming to address some of these issues. 
CONCLUSION AND FUTURE WORK
In this paper an interactive scenario based learning environment has been presented. The Create your Scenario Interactively (CSI) module has been developed using the Kolb's experiential learning model, to enhance the learning experience for engineering students. The CSI module has been implemented in the manufacturing course at the University of Oklahoma to investigate the effect on students' learning and engaging in the classroom and beyond. Our initial results show that the CSI has impacted students' knowledge on metal casting after introducing the scenario. Also, the survey data shows that students feel that he CSI was able to keep them engaged and help analyze the basic elements of the casting process more than traditional lecture.
